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SUDFWLFH%HHU¶V 3XQN6RFLRORJ\ DORQJVLGH2¶+DUD¶V 7KH3KLORVRSK\RI3XQN VHHP
JRRGSODFHVWREHJLQ)ROORZLQJDEULHIVXPPDU\RIWKHVHZRUNV,ZLOOORRNDWVRPHSULQFLSOHV
RUµFKDUDFWHULVWLFV¶GHVFULELQJKRZWKH\UHODWHWRRUFRXOGLQIXWXUHVKDSHSUDFWLFH

2ULJLQDOO\DUHVHDUFKGLVVHUWDWLRQDW%RVWRQ8QLYHUVLW\2¶+DUD¶VVWXG\RIWKH
SKLORVRSKLHVRISXQNSUHYDOHQWZLWKLQWKH86SXQNVFHQHLVDWKRXJKWIXODQGFULWLFDO
FRPPHQWDU\,WGRFXPHQWVWUHQGVDQGFKDUDFWHULVWLFVEHIRUHIRFXVLQJFORVHO\RQZKDWWKH
DXWKRUUHIHUVWRDVµNH\SDUWLFXODUV¶VXFKDVDQDUFK\JHQGHULVVXHVDQGHQYLURQPHQWDOLVP
7KHVWXG\QRWHVKRZµUHEHOOLRQLVRQHRIWKHIHZXQGHQLDEOHFKDUDFWHULVWLFVRI3XQN¶LELG
DQGWKDWµWKHPRVWLPSRUWDQWDQGSHUKDSVPRVWUDGLFDOWKLQJIRUWKH3XQNVWRGRLVWDNH
RQUHVSRQVLELOLW\7KLVJRHVILUVWIRUWKHPVHOYHVDQGKRZWKH\RUGHUDQGOLYHWKHLUSHUVRQDO
OLYHVWKHQH[WHQGVWRLQFOXGHRWKHUVLELG¶2¶+DUDJRHVRQWRGHVFULEHLELGKRZ
SXQNVDUHSULPDULO\DQDUFKLVWVWKH\VKDUHDEHOLHIIRUPHGDURXQGWKHDQDUFKLFSULQFLSOHVRI
KDYLQJQRRIILFLDOJRYHUQPHQWRUUXOHUVDQGYDOXLQJLQGLYLGXDOIUHHGRPDQGUHVSRQVLELOLW\
:HZLOOUHWXUQWRVRPHRIWKHVHNH\SULQFLSOHVRISXQNZKLFK2¶+DUDLGHQWLILHVEHORZ

%HHU¶VVWXG\UHDGVOHVVDVKLVWRULRJUDSK\DQGPRUHDFDOOWRDUPVFRPELQLQJDQ
RYHUYLHZRIZKDWDSSHDUVZURQJZLWKFRQWHPSRUDU\VRFLRORJ\DQGKRZDSXQNDSSURDFK
PLJKWSXWWKDWULJKW$VVXFKLWGHVHUYHVWREHZLGHO\UHDGDVZHOODVVHUYLQJDVLQVSLUDWLRQ
IRURWKHUUHVHDUFKILHOGVWKDWPLJKWEHQHILWIURPVRPHUHDOLJQPHQWRUUHRULHQWDWLRQ$JDLQLQ
KLV&KDSWHUµ7KH3XQN(WKRV¶VRPHGHILQLQJSULQFLSOHVDUHRXWOLQHG7KLVSDSHUZLOO
H[DPLQHKRZVRPHRIWKHVHSULQFLSOHVLGHQWLILHGLQUHODWLRQWRVRFLRORJ\PLJKWDOVRUHODWHWR
DUFKDHRORJLFDOLQFOXGLQJVRPHFXOWXUDOKHULWDJHSUDFWLFHDQGKRZWKHVXEMHFWPLJKWEHQHILW
IURPVXFKDQDJHQGD%XW,ZLOOILUVWUHFDOOWKHFHQWUDOIRFXVRIWKLVDUJXPHQWWKDWZKLOHVRPH
RIWKHµLQQRYDWLYH¶SUDFWLFHVDQGFDVHVWXGLHVGHVFULEHGPD\DSSHDUUDGLFDOWRVRPHPXFK
KDVDOUHDG\EHHQDGRSWHGDVRFFDVLRQDODQGLQVRPHLQVWDQFHVFRPPRQSUDFWLFHZLWKLQ
DUFKDHRORJ\DQGFXOWXUDOKHULWDJHILHOGV,ZLOOKRZHYHUVXJJHVWWKDWDWWKHFRUHRIDSXQN
SKLORVRSK\LVµJXWUHEHOOLRQDQGFKDQJH¶DµIRUPLGDEOHYRLFHRIRSSRVLWLRQ¶2¶+DUD
,WLVUHYROXWLRQDQGDUJXDEO\WKHUHYROXWLRQKDVQRW\HWKDSSHQHGLQDUFKDHRORJ\HYHQ
WKRXJKDFRQVLGHUDEOHDPRXQWRISUDFWLFHLVFOHDUO\LQIOXHQFHGE\RUFORVHO\DOLJQHGWRWKH
SXQNHWKRV:KDWZHDSSHDUWRKDYHWKHUHIRUHLVDIDLUO\VWHDG\VWDWHRIµSURWRSXQN¶$QGDV
ZLWKPDQ\µSURWR¶VLWXDWLRQVWKHUHLVDSSHWLWHIRUWKHUHYROXWLRQWRKDSSHQ:HMXVWGRQRW
DOZD\VNQRZKRZWRHQJLQHHURUSURYRNHLWRUZKDWWKHODQGVFDSHPLJKWORRNOLNHDIWHUZDUGV 

3ULQFLSOHVRI3XQN
7KHVHµSULQFLSOHVRISXQN¶DUHQRWLQWHQGHGWREHH[KDXVWLYHEXWUDWKHUDQLQGLFDWLYHRXWOLQH
RIVRPHRILWVGHILQLQJFKDUDFWHULVWLFV,ZLOOIRFXVRQWZREHIRUHEULHIO\RXWOLQLQJIRXURWKHUV

)LUVWDVDPRYHPHQWSXQNRSSRVHVFRQIRUPLW\ 2¶+DUD 3XQNVGLVSOD\
GHHSVHDWHGGLVFRPIRUWZLWKHVWDEOLVKHGLGHDVDERXWWKHZRUOGZLWKFRQVHQVXVDQGZLWK
FRQYHQWLRQV%HHU7KH\TXHVWLRQDQGFKDOOHQJHHVWDEOLVKHGPRGHVRIWKRXJKW
RSHQLQJXSQHZTXHVWLRQVDQGILQGLQJQHZSHUVSHFWLYHV&XOWXUDOH[SUHVVLRQLVUHODWLYHO\
XQUHVWULFWHG3XQNVFDQEHEROGDQGLQYHQWLYHLQWKHLUZRUN&RQYHQWLRQVGRQRWKROGWKHP
EDFN

7KLVYROXPHVHHNVWRSURPRWHWKHYLHZWKDWFRXQWHUDUFKDHRORJLHVSURYLGHDKHOSIXODQWLGRWH
WRFRQYHQWLRQDODSSURDFKHVDQGLQWHUSUHWDWLRQV7KHYROXPH¶VRULJLQDOWLWOHZDVWREHµSXQN
DUFKDHRORJLHV¶EXWWKDWVHHPHGWRRQDUURZWRFDSWXUHWKHUDQJHRIDOWHUQDWHDQGFRXQWHU
SHUVSHFWLYHVHPHUJLQJZLWKLQDUFKDHRORJLFDODQGKHULWDJHSUDFWLFH7KDWVDLGDOORIWKH
SDSHUVFRQWDLQHGZLWKLQWKLVYROXPHGRIDOOQHDWO\XQGHUWKLVHDUOLHUKHDGLQJ5DWKERQHDQG
5LFKDUGVRQIRUH[DPSOHWDFNOHSULQFLSOHVDQGFRUHFRQFHSWVLQWKHLUUHVSHFWLYHDQGFULWLFDO
UHYLHZVRIDQDUFKLVWOLWHUDWXUHDQGDUFKDHRORJLFDOSUDFWLFH&RQYHQWLRQDODUFKDHRORJLFDO
VHWWLQJVDUHH[DPLQHGIURPGLVWLQFWO\DOWHUQDWHSHUVSHFWLYHVLQFRQWULEXWLRQVE\)DJDQDQG
(ULNVHQIRU1HROLWKLFDQG,URQ$JHVHWWLQJVLQHDVWHUQDQGQRUWKHUQ(XURSHUHVSHFWLYHO\
+DOHHWDOH[SORUHWKHFRPSOH[UHODWLRQVWKDWFDQDULVHZKHUHFRQYHQWLRQDOO\GHILQHG
KHULWDJHDVVHWVFRPHLQWRFRQWDFWZLWKFRQWHPSRUDU\SUDFWLFHVDQGSODFHPDNLQJDFWLYLWLHV
DW'XPE\LQ6FRWODQGZKLOHKLVWRULFDOFRXQWHUDUFKDHRORJLHVLQ1HZ<RUNIRUPWKHVXEMHFWRI
0DWWKHZVDQG3KLOOLSSL¶VFRQWULEXWLRQUHWXUQLQJQRQZKLWHVWRKLVWRULFZKLWHVSDFHV7KHILQDO
WKUHHSDSHUVDUHPRUHFRQWHPSRUDU\GUDZLQJILUVWRQWKHFRPSOH[UHODWLRQVKLSEHWZHHQ
QHRUHOLFVDQGDUFKDHRORJLFDOKHULWDJHLQ)LQODQG,NDKHLPRDQG$LNDVDQGRQWKHWLPHO\
DQGUHOHYDQWLVVXHVRIPLJUDWLRQDQGJOREDOSURWHVWDQGWKHYDOXDEOHDQGGLVWLQFWLYH
FRQWULEXWLRQVPDGHE\DUFKDHRORJ\WRZDUGVWKHLUXQGHUVWDQGLQJLQSDSHUVE\&ODUNHHWDO
DQG6RDUDQG7UHPOHWW7RJHWKHUWKHVHFRQWULEXWLRQVDUHLQGLFDWLYHRIH[WHQVLRQVLQVFRSH
DQGSXUSRVHGHILQLQJQHZZD\VWKDWDUFKDHRORJ\FDQKHOSIXOO\VXSSRUWDQGDUJXDEO\LQ
VRPHFDVHVOHDGLQWHOOHFWXDODQGVRFLDOO\PHDQLQJIXOGHEDWHVSHFLILFDOO\E\DGRSWLQJ
DOWHUQDWHFRXQWHURUSXQNYLHZSRLQWV 

6HFRQG WKHGULYLQJHWKLFEHKLQGPRVWVLQFHUHSXQNHIIRUWVLV',<'RLW<RXUVHOI2¶+DUD
 3XQNVDGDSWWRWKHWHUUDLQLQZKLFKWKH\DUHRSHUDWLQJDQGUHIXVHWREHUHVWULFWHG
E\OLPLWDWLRQVRIDFFHVVDQGIXQGLQJ3XQNLVEDVHGRQUHVRXUFHIXOQHVVDSRLQWKLJKOLJKWHG
LQ5LFKDUGVRQ¶VFRQWULEXWLRQDQGHYLGHQWDOVRLQ5DWKERQH¶VUHYLHZRIDQDUFKLVWOLWHUDWXUH,W
LVDOVRDQLPSOLFLWDVVXPSWLRQLQWKHFRQWULEXWLRQVRI+DOHHWDODQG6RDUDQG7UHPOHWW$
PRUHH[SOLFLWH[DPSOHLVDSURMHFWLQLWLDWHGLQWRVWXG\FRQWHPSRUDU\KRPHOHVVQHVV
WKURXJKWKHOHQVRIDUFKDHRORJLFDOSUDFWLFH.LGGH\DQG6FKRILHOG.LGGH\LQSUHVV
7KHSURMHFWFXWWKURXJKUHGWDSHEURNHPDQ\UXOHVRIFRQYHQWLRQDOSUDFWLFHEXWDOOZLWKLQDQ
DJUHHGHWKLFDOIUDPHZRUNDQGKDGVLJQLILFDQWZHOOEHLQJDQGKHDOWKOLIHVW\OHEHQHILWVIRUWKH
SDUWLFLSDQWVLQWZRVHSDUDWHEXWUHODWHGVWXGLHVLQ%ULVWRODQG<RUN7KHVWXG\LQYROYHGWZR
H[FDYDWLRQVRQHLQHDFKFLW\ERWKRIZKLFKZHUHVLWHVFKRVHQE\WKHKRPHOHVV
SDUWLFLSDQWV,QWKHFDVHRI7XUER,VODQGLQ%ULVWRO&UHDHWDOWKHSODFHHYHQWRRNLWV
QDPHIURPWKHKRPHOHVVSHRSOHZKRSDUWLFLSDWHGLQWKHSXEOLFDWLRQVDQGZKRVHQDPHV
DSSHDUDPRQJVWWKHDXWKRUV7KLVSURMHFWZRUNHGZLWKPLQLPDOVXSSRUW7KHUHVHDUFKZHQW
XQIXQGHG7KHGLVDGYDQWDJHVRIWKLVDSSURDFKLQFOXGHGOLPLWDWLRQVRQZKDWZDVSRVVLEOH
%XWWKHDGYDQWDJHVLQFOXGHGDIUHHGRPDQGIOH[LELOLW\WRZRUNRIWHQZLWKRXWFRQVWUDLQW
H[FHSWDVQRWHGDERYHWKHREYLRXVQHHGIRUJRRGHWKLFDOSUDFWLFHDQGWRIHHODVWKRXJK
ZHZHUHVRPHZKDWµXQGHUWKHUDGDU¶ZKLFKKHOSHGKRPHOHVVFROOHDJXHVJDLQFRQILGHQFH
DQGXOWLPDWHO\WDNHRZQHUVKLSRIWKHSURMHFW7KLVZDVDVXFFHVVIXOSURMHFW,WKDVKDGUHDO
EHQHILWVIRULWVSDUWLFLSDQWVDQGZHGLGLWRXUVHOYHV,WPLJKWQRWKDYHZRUNHGVRZHOO
RWKHUZLVH

2WKHUSULQFLSOHVRISXQNLQFOXGHWKHIDFWRISXQNV YDOXLQJLQGLYLGXDOIUHHGRPDQG
UHVSRQVLELOLW\ 3XQNVUHFRJQLVHWKHGULYHRIWKHLQGLYLGXDOWRPDNHDFRQWULEXWLRQDQGWR
VRPHWLPHVORRNWRVXEYHUWUHVWULFWLYHRURSSUHVVLYHVRFLDOFDWHJRULHVQRUPVRUFRQYHQWLRQV
%HHU$VZHVDZHDUOLHU2¶+DUDGHVFULEHVKRZSXQNVDUHSULPDULO\DQDUFKLVWV
WKH\VKDUHDEHOLHIIRUPHGDURXQGWKHDQDUFKLFSULQFLSOHVRIKDYLQJQRRIILFLDOJRYHUQPHQWRU
UXOHUVDQGYDOXLQJ2QHPLJKWKRZHYHUH[WHQGWKLVGHILQLWLRQEH\RQGWKHSXUHO\SROLWLFDOWR
RQHWKDWFRQFHUQVJRYHUQDQFHZLWKLQWKHVHFWRU7KHKRPHOHVVQHVVVWXG\PLJKWVWDQGDVDQ
H[DPSOHRIDUFKDHRORJLFDODQGKHULWDJHSUDFWLFHWKDWIORXULVKHGODUJHO\IRUEHLQJEHORZWKH
UDGDU

6LPLODUO\SXQNLVKLJKO\UHODWLYLVWLF %HHU 3XQNLVQRWFRQFHUQHGZLWKKLHUDUFKLHV
DWWHPSWLQJLQVWHDGWRVHHWKHZRUOGIURPSOXUDODQGPXOWLSOHSHUVSHFWLYHV3XQNLVDOVRRSHQ
DQGHFOHFWLF%HHU,WLVRXWZDUGORRNLQJDQGNHHQWRUHVSRQGUHDFWDJDLQVWDQG
GUDZXSRQDOWHUQDWLYHFXOWXUDOUHVRXUFHV 3XQNSURGXFWVDUHUDZVWULSSHGEDFNDQGIHDUOHVV
%HHUDQGSXQNVHHNVWRWUDQVFHQGERXQGDULHVDQGREVWDFOHVDQGHURGHWKHOLQHV
EHWZHHQSHUIRUPHUDQGDXGLHQFH 3XQNVWKHUHIRUHZLOOXVHRSSRUWXQLWLHVWRH[SUHVVFUHDWLYH
IRUFHVXVLQJPHGLDDQGVRFLDOQHWZRUNVLQQHZDQGXQSUHGLFWDEOHZD\V7KHUHDUH
QXPHURXVH[FHOOHQWH[DPSOHVRIWKLVZLWKDUFKDHRORJLVWVHIIHFWLYHO\XQOHDUQLQJHVWDEOLVKHG
SUDFWLFHVDQGFRQWUDYHQLQJWKHUHVWULFWLYHUHTXLUHPHQWVRIH[FHOOHQFHPHDVXUHVVXFKDVWKH
8.¶V5HVHDUFK([FHOOHQFH)UDPHZRUNWRSXEOLVKRQOLQH0XFKRIWKHPRVWSURYRFDWLYHDQG
WKRXJKWIXOFRPPHQWDU\RQFXOWXUDOKHULWDJHDQGFRQWHPSRUDU\DUFKDHRORJ\DSSHDUVLQWKLV
IRUP6WXGHQWVDUHQRZWDXJKWWRHQJDJHHTXDOO\ZLWKWKHVHQHZIRUPVRIPHGLDDQG
H[SUHVVLRQDVHVVHQWLDOSURIHVVLRQDOVNLOOVIRUOLIHDQGIRUKHULWDJHSUDFWLFH

&RQFOXVLRQ
³7KHRUGLQDU\PDQLVDQDQDUFKLVW+HZDQWVWRGRDVKHOLNHV+HPD\ZDQWKLV
QHLJKERXUWREHJRYHUQHGEXWKHKLPVHOIGRHVQ
WZDQWWREHJRYHUQHG´*HRUJH
%HUQDUG6KDZ
,ZDVEURXJKWXSWREHREHGLHQWDQGWRQRWTXHVWLRQDXWKRULW\µ7KHUHLVDULJKWZD\DQGD
ZURQJZD\¶,ZDVWROGDWKRPHDQGDWVFKRRO,QHYHUGLGUHEHO1RWUHDOO\DQGFHUWDLQO\QRW
DVDFKLOG%XW,GLGEHFRPHUDWKHUXQFRQYHQWLRQDODOZD\VVHHNLQJDOWHUQDWHSDWKZD\V,GR
WKLVQRWWRUHGUHVVSDVWLPEDODQFHV,GRLWEHFDXVH,ILUPO\EHOLHYHWKDWWRTXHVWLRQDQG
FKDOOHQJHFRQYHQWLRQLVJRRGFRQVWUXFWLYHLIFKDQQHOHGFRUUHFWO\DQGKHDOWK\&ULWLFDO
HQJDJHPHQWQHHGQRWEHGLVUHVSHFWIXORUGLVFRXUWHRXVDQGUDUHO\LVLQP\GLUHFWSHUVRQDO
H[SHULHQFH$VWHDFKHUVLQDUFKDHRORJ\DQGKHULWDJH,KRSHZHDOOHQFRXUDJHRXUVWXGHQWV
WRWKLQNFULWLFDOO\0\FRQFHUQLVWKDWLWRQO\HYHUJRHVVRIDU:HQHYHUORRNWRWXUQWKH
V\VWHP6RZLWKWKHH[FHSWLRQRIDIHZVLJQLILFDQWYRLFHVWKDWOHDGRWKHUVWRZDUGVWR
LQFUHPHQWDOFKDQJHHYHU\WKLQJVWD\VWKHVDPH0\DUJXPHQWKHUHLVWKDWWKRVHYRLFHVDUH
LPSRUWDQWEXWRQO\LQWKHVHQVHRIPLUURULQJWKHUHYHUEHUDWLRQVRIDJLWSRSDQDUFKLVWV7KH
'HYLDQWVDQG3LQN)DLULHVLQWKHODWHVDQGHDUO\VFUHDWLQJULSSOHVDQGVRPH
DPXVHPHQWDPRQJVWDQHVWDEOLVKPHQWZKLFKKDVQRLGHDZKDWOLHVDURXQGWKHFRUQHU+LQWV
RIWKHIXQGDPHQWDOFKDQJHLQFOXGHWKHHQFRXUDJLQJZRUGVLQWKH)DUR&RQYHQWLRQWKDW
KHULWDJHLVDERXWWKHIXWXUHQRWWKHSDVWWKDWKHULWDJHLVVRPHWKLQJWREHXVHGDQGLVWKHUH
IRUHYHU\RQHWRSDUDSKUDVHDQG6PLWK¶VUHOHQWOHVVO\HQHUJHWLFDVVDXOWRQWKHSLOODUV
RIWKHKHULWDJHHVWDEOLVKPHQW0D\EHWKRVHLQYROYHGLQVXFKLQLWLDWLYHVDQGRXWSXWVDUH
SURWRSXQNVIRUHWHOOLQJDEUDYHQHZIXWXUH"

5HWXUQLQJWRPXVLFDZRUOGLQZKLFKDOWHUQDWLYHYLHZVDQGSHUVSHFWLYHVRIWHQSUHYDLO0LFN
)DUUHQRIWKH3LQN)DLULHVDQGEHIRUHWKDW7KH'HYLDQWVDQRWKHUSURWRSXQNEDQGDQGD
SROLWLFDODFWLYLVWLQYROYHGLQSXOOLQJGRZQWKHIHQFHDWWKH,VOHRI:LJKWIHVWLYDO
6FKRILHOGVDLGLQ

µ,IURFNEHFRPHVVDIHLW¶VDOORYHU,W¶VDYLEUDQWYLWDOPXVLFWKDWIURPLWVYHU\URRWV
KDVDOZD\VEHHQDEXUVWRIFRORXUDQGH[FLWHPHQWDJDLQVWDEDFNJURXQGRIGXOOQHVV
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